The aim of this study was to investigate serum concentrations of visfatin, irisin, and omentin in patients with end-stage lung diseases (ESLD) before and after lung transplantation (LTx) and to find relationship between adipokines levels and clinical outcomes.
Background
Lung transplantation is a therapeutic, medical-surgical procedure indicated for end-stage-lung diseases (ESLDs), which are terminal and irreversible with available current medical treatment. Obesity or overweight, insulin resistance, or diabetes may contribute to chronic inflammation and exacerbate ESLDs progression.
Adipokines are the bioactive proteins that manifest hormone-like attributes with properties similar to some chemokines, cytokines and growth factors. Adipokines also regulate fibrogenesis, angiogenesis, and autoimmune processes [1, 2] . Therefore, changes in the circulatory levels of some adipokines appear to have a proatherogenic, pro-inflammatory, and anti-insulin effects [3] .
Visfatin is an adipokine mainly expressed in visceral fatty tissue but also is produced in the myocardium, skeletal muscle, lungs, immune cells, bone marrow, and liver [4] . Visfatin undergoes self-phosphorylation which enhances its catalytic function in nicotinate and nicotinamide metabolism [4] . Increased visfatin serum levels were found in some diseases associated with obesity, atherogenesis, insulin-resistance, and inflammatory process [5] [6] [7] [8] [9] [10] [11] .
It has been considered as a pro-inflammatory and immunomodulating factor, which is also associated with vascular smooth muscle cell maturation and plaque destabilization [4, 6] . Visfatin, known as pre-B-cell colony-enhancing factor-1 (PBEF) was originally cloned as a putative cytokine shown to enhance the maturation of B-cell precursors in the presence of interleukin-7 (IL-7) and stem cell factor [12] . It enhances activation of leukocytes, synthesis of adhesion molecules, production of proinflammatory cytokines, inhibits neutrophil apoptosis, stimulates proangiogenic activity and affects cancer cells proliferation and viability [7, 8, [12] [13] [14] [15] [16] .
Irisin is a novel myokine, proteolytically processed from the product of the FNDC5 gene prior to being released into the circulation [17] . Irisin is regulated by peroxisome proliferatoractivated receptor-coactivator-1 (PGC1) and it has been proposed to mediate the beneficial effects of exercise on metabolism, inducing the browning of subcutaneous adipocytes and thermogenesis by increasing uncoupling protein-1 (UCP1) levels [17] . In humans, contradictory effects of physical exercise on irisin production have been reported [18] [19] [20] . The circulating irisin concentration levels were inversely correlated with adiponectin and positively with body mass index (BMI), fasting glucose and total cholesterol [21] . Irisin is an exercise-induced myokine that is secreted into the circulation following proteolytic cleavage from its cellular form, fibronectin-type III domain-containing 5 (FNDC5) [22] . It reverses diet-induced obesity and diabetes by stimulating thermogenesis in rodents through increasing brown adipocyte-like cell abundance [22, 23] within white fat. As it appears paradoxical that exercise should increase secretion of a thermogenic hormone, it has been hypothesized that the mechanism evolved from shivering-related muscle contraction to augment nonshivering thermogenesis (NST) through brown adipose tissue expansion [17, 22] .
Omentin is a novel adipokine that is shown to be decreased in obesity and negatively associated with BMI, insulin resistance, and metabolic syndrome in adults [24] [25] [26] [27] [28] [29] . The biological functions of omentin are not fully known, however, there are some reports about its role in energy homeostasis. It is suggested that it enhances insulin sensitivity, transmembrane transport of glucose stimulated by insulin in isolated human adipocytes, and regulates fat distribution [25, 30] . Omentin inhibits C-reactive protein (CRP), tumor necrosis factor (TNF) a and nuclear factor (NF) kB signaling pathways, reduces adhesion molecules and has anti-inflammatory effect on smooth muscles and endothelium and it may be protective in lung injury [31] [32] [33] .
The primary aim of the study was to assess the variability of adipokine levels in patients with ESLDs before and after lung transplantation. The overarching goal was to find the relationship between adipokines and clinical outcomes. Assessment of adipokine levels will facilitate a better understanding of their role in ESLDs before and after transplantation, and help to determine their potential usefulness as prognostic factors.
Material and Methods
The study population included six men and eight women (mean age 32.0±14.2 years) who underwent LTx at Department of Cardiac Surgery and Transplantation at Silesian Centre for Heart Diseases in Zabrze is characterized in Table 1 . Three study patients had received single lung transplantation (SLT; one left lung and two right lungs), and 11 patients had received double lung transplantation (DLT). The referring diagnosis before LTx was cystic fibrosis (n=8), chronic obstructive pulmonary disease (COPD) (n=3), idiopathic pulmonary fibrosis (IPF) (n=2), and arteriovenous fistulas (n=1). Patient's mean waist circumstance (WC) was 75.0±4.1 cm and mean hip circumference (HC) 88.4±6.5 cm. The mean body mass index (BMI) was 18.0±1.5 kg/m 2 . All patients have received intravenous anti-thymocyte globulin (ATG) as induction agent for a minimum of three days at average dose of 75 mg, but different maintenance immunosuppressive regimen, i.e., cyclosporine (CSA, n=11), mycophenolate mofetil (MM, n=7), tacrolimus (FL-506, n=3), sirolimus (n=4) and prednisolone (n=14). Maintenance immunosuppression was started post-transplant day 4-7, target level of cyclosporine is (250-300 ng/mL), tacrolimus (15-17 μg/mL), and sirolimus (8-12 ng/mL) and these were reached 10-14 days after LTx.
Patients were classified into three groups of immunosuppressive drugs (CSA n=7; FK-506, n=3 and CSA+sirolimus, n=4). Donor characteristics, including donor age, BMI, cold ischemia time, and partial pressure of oxygen (on 100% fraction of inspired oxygen just before lung harvest), are presented in Table 2 .
No episodes of acute rejection were observed in the study group, and during 3-month observation period no episodes of chronic rejection were observed.
Blood samples were collected upon admission to the hospital before transplantation (day 0) and three days (day 3), one month (day 30), and three months (day 90) after LTx.
Blood samples were collected from an antecubital vein and then placed into a BD Vacutainer.
For adipokines analysis, blood samples were immediately centrifuged at 2,500× g for 20 minutes to obtain serum and stored at -80°C, thawing only once immediately before analysis.
Adipokines and myokine concentration levels were determined enzymatically using commercial ELISA Kits (Human PaO2 -partial pressure of oxygen.
Visfatin (Nampt) ELISA, Catalogue no. RAG004R; IRISIN ELISA, Catalogue no. RAG018R; HUMAN OMENTIN-1 ELISA Catalogue no. RD191100200R; by BioVendor, Czech Republic). The sensitivity of the sets was adequately 30 pg/mL for visfatin, 1 ng/mL for irisin and 0.5 ng/mL for omentin. The test precision within an assay for visfatin is 5.63%, for irisin it is 6.909% and for omentin it is 3.65%. The test precision for an assay for visfatin is 5.93%, for irisin it is 9.066%, and for omentin it is 4.6%. The visfatin levels range from healthy donors in serum is from 0.2 to >1.5 ng/mL. The irisin level range in human plasma and serum is from 0.2 to 2 μg/mL. The omentin range depends on age and sex and is from 200 to 1,399 ng/mL.
Medical assessment included spirometry using Jaeger-Masterlab (Erich Jaeger GmbH, Wurtzburg, Germany) and six-minute walking test according to Guyatt and ATS Statement [34, 35] .
After lung transplantation no one of the study group represent respiratory failure. 
Statistical analysis
The results of continuous variables are expressed as mean ±SD for data with normal distribution and median and quartile deviation for the other. The normality of the distribution was assessed using Shapiro-Wilk W-test.
Comparisons between analyzed parameters were made using the Student serum levels before and after transplantation (Figure 2 ). Omentin level decreased significantly within three days after transplantation (from 350.5±302.0 ng/mL to 200.0±0.90 ng/mL; p<0.05) (Figure 3 ), in further observation significantly changes were also observed when matched-pairs test was calculated (Table 3. ).
The detailed analysis of adipokine levels before and after lung transplantation is shown in Table 3 .
There was no association between serum levels of analyzed adipokines and BMI, WC, HC, and age before transplantation.
However, serum concentrations of analyzed adipokines were correlated with fasting glucose, insulin, HOMA-IR, total cholesterol, and HbA1C levels. Relationship between spirometric parameters, distance in 6MWT and adipokine serum levels
There was no statistically significant correlation between adipokines levels and 6MWT, pO2, FEV1, and FVC in patients before lung transplantation, regardless of underlying lung disease.
FVC (percentage of a due value) measured three months after LTx correlated positively with serum irisin at the same time point (r=0.72; p<0.05). The distance in 6MWT reached in examination three months after LTx was positively associated with serum irisin at the same time point (r=0.64; p<0.05). To assess adipokines plasma levels and pulmonary function it was calculated correlation between delta (difference before and after transplantation) distance in 6MWT. Significant correlation was found between visfatin levels one month after transplantation and delta6MWT (r=0.62; p<0.05).
Relationship between donor parameters and adipokine serum levels
Negative statistically significant correlation was found between age of donors and visfatin serum levels one months 
Discussion
ESLD patients represent very low physical activity and an increased chronic inflammatory process. Every LTx patient receives a strong immunosuppression that significantly modulates the inflammatory response.
As far as we know, this is the first study aimed at assessment of novel adipokines and myokine serum levels in patients undergoing LTx and evaluation of relationship between these adipokines and myokine and clinical outcomes.
The first intriguing finding refers to visfatin, a pro-inflammatory, immunomudulating and proapoptotic adipokine. Visfatin concentration decreased significantly one month after LTx, and has remained unchanged for the next two months. Visfatin potentiates TNFa and IL-6 production in human peripheral blood mononuclear cells (PBMCs) [36] . Visfatin also may induce vascular cell adhesion molecule (VCAM)-1 and intercellular adhesion molecule (ICAM)-1 synthesis directly in endothelial cells and leukocytes by activation of nuclear factor (NF-kb) [36, 37] . These findings suggest that visfatin directly, together with TNFa, or through the induction of TNFa, may enhance adhesion molecules production and therefore plays a pivotal role in the regulation of necro-inflammatory process in the lungs and facilitates migration of immune cells to the site of inflammation. In the lungs, visfatin was associated with acute lung injury (ALI) [38] . The inhibition of visfatin synthesis has been shown to attenuate inflammation and apoptosis associated with severe virus infection in lung endothelium [36] . Visfatin levels correlate positively with IL-6 in patients with COPD but not in healthy controls [39] . Additionally, serum visfatin was positively associated with TNFa and IL-8. Visfatin was associated with parenchymal impairment in patients with emphysematous COPD. This suggests that visfatin may have a pivotal role in the inflammatory processes in COPD. A negative correlation was found between visfatin and pulmonary diffusion capacity indicating visfatin to be associated with parenchymal impairment [39] . Patients referred for LTx presented significantly impaired lung function parameters (FEV1, VC) and poor physical activity (6MWT), which evidently improved after successful LTx. In our study, a significant decrease in serum visfatin levels was found one month after LTx, and was stable at the same level in two months. It correlated with improvement in lung function tests and 6MWT. Moreover, no study group patient represented respiratory failure after LTx. This finding is in accordance with data published by Liu et al. who described that normoxemia may contribute to decreased visfatin concentration [40] .
Our study results suggest that with regard to the proinflammatory action of visfatin, which promotes proinflammatory cytokine synthesis, the inflammation associated with ESLD of the newly transplanted organ significantly decreases after LTx.
Another explanation of downregulation of visfatin accompanied by decreased inflammation may be related to introduction of immunosuppression. There have not been any data published on relationship between immunosuppression and visfatin levels so far.
According to the International Society for Heart and Lung Transplantation (ISHLT) consensus document for the selection of lung transplant candidate's, the level of physical activity of these patients is very low.
Irisin is secreted by skeletal myocytes and might potentially be used as a biomarker of physical inactivity in ESLDs. In a study of Ijiri et al., a non-significant correlation between 6MWD, PFTs and serum level of irisin in COPD patients. They showed that irisin concentration in these patients was lower than in a control group. In this study, exercise training has resulted in upregulation of irisin levels. At the cellular level, exercise training may improve bioenergetic functions of skeletal muscle, including the irisin release in patients with COPD [41] . Our research does not support these conclusions despite the fact that the level of mobility of patient improved. Despite daily rehabilitation, improved mobility, lack of respiratory failure, the concentration of irisin remained at the same level throughout the course our study.
No study so far has been conducted on omentin in ESLD patients qualified for LTx. Omentin is an adipokine with anti-inflammatory and insulin-sensitizing effect. It has been shown to activate AMP-activated protein kinase (AMPK) and eNOS, inhibiting protein kinase B(PKB/Akt) pathways at the same time.
Moreover, it inhibits CRP, TNFa, and NF kB signaling pathways, reduces adhesion molecules activity and synthesis, and thus has anti-inflammatory effect on smooth muscle cells and endothelium [33, 42, 43] . Administration with recombinant human omentin inhibits TNFa, decreases inflammation, and dilates vascular vessels, suggesting its potential therapeutic role in inflammation-related conditions [44] . Furthermore, omentin is needed for monocyte chemotactic protein (MCP)-1 production in lung epithelium and causes airway inflammation in mice with asthma. Additionally, given the fact that omentin blocks proinflammatory cytokines, TNFa, and signaling pathway of NF kB, it may be protective in lung injury. Furthermore, considering the similarity of omentin and adiponectin, we hypothesize that omentin exerts anti-inflammatory effect in lung injury. However, the potential proinflammatory effect of omentin may not be ignored as well.
Omentin level sharply decreased significantly within 72 hours after lung transplantation, without changes in further observation. Many other studies have shown increase in omentin levels as compensatory mechanism of insulin-resistance. Our study did not show any difference in HOMA-IR before and after LTx. This finding suggests that omentin level changes are not related to glucose metabolism or increased tissue sensitivity to insulin. We have also not found any correlation between omentin levels and lung function tests.
Our interesting finding of the study was the downregulation of two adipokines with different properties because visfatin is a proinflammatory factor and omentin has an anti-inflammatory effect. Visfatin is mainly expressed in visceral fatty tissue, but also is produced in lungs, immune cells, bone marrow, and liver. It is a proinflammatory and immunomodulating factor. In our study group because of low BMI values and thus a paucity of adipose tissue, the remaining tissues were mainly responsible for the secretion of this adipokine. Reducing the inflammatory disease associated with primary disease and the effect of immunosuppression inhibiting immune cells appears to be a major factor in the decline of this level of adipokine. The level of omentin correlates negatively to BMI, which may be higher in patients with low BMI. Omentin also inhibits C-reactive protein and has anti-inflammatory effect on smooth muscle and protects against lung damage. After a successful lung transplant, these effects may be less important and cause downregulation of this adipokine. Particularly, the decrease in serum level of omentin is already seen after 72 hours post-transplantation.
There were some limitations of our study. The group of patients was relatively small and not homogenous. Lung transplantation and postoperative treatment is a complex medical procedure, therefore, many other factors may be associated with adipokine level changes.
Most importantly, our study was not designed to address potential mechanisms behind the observed associations. Results of our study were not compared between two groups of sick patients with ESLD and non-advanced lung disease and healthy volunteers. Patients' records lacked information on certain variables, including diffusing capacity (DLCO), serum levels of TNFalpha and IL-6, and body plethysmography. Measurements of these parameters were not performed in all patients; therefore, they were not included in further analyses.
Conclusions
The present results introduce the adipocytokines visfatin, irisin, and omentin in patients before and after lung transplantation. The procedure of LTx influenced decreasing of plasma concentration of omentin and visfatin. There were no changes of serum concentration of irisin in patients who underwent lung transplantation at our institution. These findings suggest that visfatin and omentin might have a proinflammatory role in ESLD. Immunosuppressive drugs may affect irisin serum levels. Further studies are needed to evaluate if analyzed novel adipokines and myokine could be used as biomarkers in patients with ESLD.
